Produced Water Treatment — A Challenge

The Cause

New compositions due to tie- -in from new wells
Increasing water cuts -
Presence of chemlcals and suspended partlcles
Water salinity

‘Aging in the system
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Small Oil Droplets

The Challenge

Typical droplet size distribution

in hydrocyclone reject

Typical droplet size distribution

in water from gas lift production
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Droplet Size and Settling Velocity
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The Smaller the Droplets the Lower the Separation Efficiency

Stokes’ Law

Separation Separation
efficiency efficiency

Separation
efficiency

Separation
efficiency

(g) g-force
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Mechanical Break-up of Droplets
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Coalescence
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A Prerequisite for Separat
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Water Salinity and Coalescence

The effect of water salinity (and electrostatic charge)
on droplet coalescence

20

Zetapotential mV

The electrostatic charge
causes the oil droplets to
repel one ancther -100

WERNERTM © Kvaerner Process Systems

¢ ) yefroBiokk kyy-lormal



'Ageing and Coalescence
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The effect of suspended
particles and surface active
chemicals
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Daex = € £04 po.z

Hinze's equation

Interfacial tension, Dynes/cm

The effect
of aging on |
droplet 151
stabilization 10 Time, minutes
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Mapping the Process

The Key to Solving the Separation Problem

Produced water oil content, ppm
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« Optimize separator operations w.r.t
produced water quality

» Optimize hydrocyclone and degasser
performance.

» Test and select the best performing
produced water chemical, including
adjustment of the dosage rate.

 Testing of alternative produced water
equipment.

« Study the effects of recirculated streams |
on produced water quality.

» Testing and analysis of produced water
w.r.t. reinjection.
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Separation Efficiency vs Droplet Size
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Coagulation
Stage One in the Hydroflokk System

Adding of coagulant

The effect of water salinity
on droplet coalesecence 80

Coalescence/flotation

Salinity, g salt/kg water

WERNERTM © Kvaerngr Prpcegg Systems

ydrofioki kps-format




Flocculation
Stage Two in the Hydroflokk System

Polyelectrolyte
@ Positive charged groups

Flocculation
efficiency
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Dosing rate (mg/l)

WERNERTM © Kvaerner Process Systems

W ck kpe-lortral




A Look at the Hydroflokk System

Coagulant

Benefits of Hydroflokk:
Less oil in discharged water
Reduced use of chemicals

Produced water
from inlet separator
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Controlled oil droplet growth by Hydroflokk
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Produced water
to treatment system

optimized
— composition of chemicals

— concentration of chemicals
— agitation
— retention time
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Benefits of Hydroflokk

Cohsistent and'accept'eble discharge water quality
Improved performance from deoiling hydrocyclones
Optimised chemical performance |
g Substantlally reduced operatlng costs
g Greater erXIblllty of the separatlon process

;e-.;vesPote,nti_a-I:zto realise improved oil quality

‘g Potential for debottle-necking existing systems
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Troll B challenges

- Large volumes !!
Q =40 000 Sm3/d = 252 000 blpd

 High concentration !!
OiW = 500 - 1 500 ppm

- Small oil droplets !!
dvd0 =5 um

- Low target value for disposal !!

Discharge OiW target = 25 ppm

How to handle this ??
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Pilot plant test results

Conditions: P=12barg, T=50°C, OiW=1000ppm, dvso=5um, reject=2-3%
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Test no. : 98
g™ 93
1. Hydroflokk not > 90 |
: o %[
included. 15 & -
2. Flocculation E ol
vessel included, S |
no chemicals. o Or
S |
3. One component T |
system. T a0+
1 2 3 4
4. Two component Test 1o
system.
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Troll B flow diagram
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TroI B I-l__istqry

Troll B - oil in water discharge I
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Troll C flow diagram
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